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(54) Tool calibration 



(57) A tool calibrator includes two portions (70a, 
70b) shaped to slidably engage and secure a tool (35) 
in a desired position. The tool is secured by a series of 
staggered V shaped grooves (86a, 86b, 88a, 88b, 92b) 
on each of the two portions having a known geometrical 
relationship with a diameter of a tool head of the tool. 
The tool calibrator further includes at least one position 
signalling device (100) for communicating a location of 
the tool calibrator in an operating room or other area. A 
position and direction of a tip of the tool is determined 
by comparing a location of the tool secured within the 
tool calibrator to the location of each of the two portions. 
Further, based on the location of each of the two por- 
tions, the diameter of the tool head is calculated. 
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Description 

[0001] The present invention relates to tool calibration 
for calibrating tools used in conjunction with various 
medical procedures including neurosurgery, neurobiop- 
sy, CT-table needle body biopsy, breast biopsy, endo- 
scopic procedures, orthopedic surgery, and the like. 
[0002] Three-dimensional diagnostic images of the 
brain, spinal cord, and other body portions are produced 
by diagnostic imaging equipment such as CT scanners, 
magnetic resonance imagers, and the like These imag- 
ing modalities often provide structural detail with a res- 
olution of a millimetre or better. 

[0003] Image guided surgery systems have been de- 
veloped to utilize this data to assist the surgeon in pre- 
surgical planning and in accurately locating a region of 
interest within the body of a patient. In the operating are- 
na, the image guided surgery systems are used to dis- 
play position and orientation of a surgical tool in its cor- 
rect location with respect to the images of the patient. 
Surgical tools typically include a trackable handle por- 
tion and a tool head which may be inserted into the pa- 
tient's body. One example of an image guided surgery 
system is EP-A-0 676 178, Stereotaxy Wand and Tool 
Guide, to Kalfas et al., incorporated by reference herein. 
[0004] Three and sometimes four views of image data 
are displayed on a monitor visible to the surgeon These 
views typically include axial, sagittal, and coronal views 
of the patient. A fourth oblique view is sometimes dis- 
played, presenting image data in a plane orthogonal to 
a tip of the tool. The location of the tip of the tool, the 
tool's trajectory, and diameter of the tool head are dis- 
played on one or more of these images. The algebraic 
distance between the tip of the tool and a desired posi- 
tion may also be displayed numerically on the monitor. 
[0005] Given the nature of image guided surgery pro- 
cedures, it is necessary to be able to track the location 
of the tip of the tool, the tool's trajectory, and diameter 
of the tool head with a high degree of precision, often 
requiring calibration to less than a millimeter in accura- 
cy. The tools are tracked in an operating room or other 
area by use of a tracking system or localizer. The track- 
ing system tracks the tools by virtue of three or more 
spaced apart position signalling devices, such as infra- 
red emitters or reflectors, connected to the tool in a fixed 
relation thereto. The position signalling devices are po- 
sitioned in a unique pattern for each tool in order to allow 
the tracking system to be able to distinguish one tool 
from another. In other words, the unique pattern can be 
said to characterize the tool. 

[0006] A central computer coupled to the tracking sys- 
tem is pre-programmed with information related to 
where the tip and trajectory of each tool is with respect 
to the tool's position signalling devices and with infor- 
mation related to the diameter of the tool head. For in- 
stance, with respect to a tracked probe having three in- 
frared emitters, the central computer maintains informa- 
tion related to where the tip of the probe is with relation- 



ship to a selected point on a plane defined by the three 
infrared emitters Based on this information, a precise 
location of the tip can be calculated by the central com- 
puter and displayed on one of the monitors. 

£ [0007] In a variety of surgical tools such as drills, , 
probes, endoscopes, etc. it is often beneficial to a sur- 
geon or other individual to make changes to the tool 
which may affect the positioning of the tip as well as the 
diameter of the tool head. For instance, on a surgical 

10 drill it is often helpful for the surgeon to be able to change 
the size and length of a drill bit situated in the tool to 
accommodate different surgical procedures. Further, 
with respect to the probes, it is often desirous to replace 
different length and diameter shafts on the probe handle 

is in order to reach different regions in the patient. 

[0008] Unfortunately, because the position of the tip 
of each tool with respect to the tool's position signalling 
devices are pre-programmed into a memory associated 
with each tool and passed along the central computer 

20 along with information on the diameter of the tool head, 
changes to the tool which affect the location of the tip 
and diameter of the tool head cannot easily be made. If 
changes are made, an operator needs to determine the 
new relationship between the tip of the tool and the tool's 

25 position signalling devices and enter this information in- 
to the central computer. Further, information related to 
a new diameter of the tool head may also need to be 
entered This process is time consuming and cumber- 
some If the new information is not entered into the cen- 

30 tral computer, the tip of the tool will not be properly 
tracked and displayed on the monitor. 
[0009] In accordance with the present invention, a tool 
for determining an attribute of a surgical tool is provided. 
The tool including a means for positioning a tip of the 

35 surgical tool to a desired location of the tool and a posi- 
tion signalling device fixed in relation to the desired lo- 
cation. 

[0010] In accordance with another aspect of the 
present invention, a system for determining an attribute 

40 of a surgical tool is provided. The system including a 
tool, a means for tracking the signalling device; and a 
means for processing information tracked by the means 
for tracking. The tool includes a means for securing a 
tip of the surgical tool to a desired location, and a sig- 

45 nailing device fixed in relation to the desired location. 
[0011] In accordance with still another aspect of the 
present invention, a tool for determining an attribute of 
a surgical tool is provided. The tool including a first por- 
tion, a second portion movable in relation to the first por- 

50 tion, at least one position signalling device fixed in rela- 
tion to the first portion, and at least one position signal- 
ling device fixed in relation to the second portion. 
[0012] In accordance with yet another aspect of the 
present invention, a method of determining an attribute 

55 of a surgical tool for use in an image guided surgery sys- 
tem is provided. The method includes the steps of po- 
sitioning a tip of the surgical tool to a desired location 
which is fixed in relation to a position signalling device, 
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securing the surgical tool in place in relationship to the 
desired location, and sensing by a component of the im- 
age guided surgery system a location of the position sig- 
nalling device. 

[001 3] In accordance with another still another aspect 
of the present invention, a method of determining an at- 
tribute of a surgical tool for use in an image guided sur- 
gery system is provided. The method includes the steps 
of, positioning a tool head of the surgical tool with re- 
spect to a first portion, securing the tool head into a de- 
sired position with respect to the first portion using a sec- 
ond portion, the first portion and the second portion sli- 
dably engaging with one another, sensing a position of 
the first portion, and sensing a position of the second 
portion. 

[0014] The tool calibrator may include two movable 
blocks shaped to slidably engage and secure a tool in 
a desired position. The tool is secured by a series of 
staggered V shaped grooves on each of the two mova- 
ble blocks having a known geomelrical relalionship with 
a diameter of a tool head of the tool. The tool calibrator 
further includes at least one position signalling device 
for communicating a location of the tool calibrator in an 
operating room or other area. A position and direction 
of a tip of the tool is determined by comparing a location 
of the tool secured within the tool calibrator to the loca- 
tion of each of the two movably blocks. Further, based 
on the location of each of the two movable blocks, the 
diameter of the tool head is calculated. 
[0015] In a preferred embodiment, the tool calibrator 
is able to calibrate a location of a tip of a tool, a direction 
in which the tip is pointing, and a diameter of a tool head 
all at once. The direction in which the tip of the tool is 
pointing is determined by comparing a relationship be- 
tween position signalling devices connected to each of 
the two movable blocks securing the tool with position 
signalling devices connected to the tool. The location of 
the tip of the tool is determined by comparing the loca- 
tion of the position signalling devices connected to the 
tool calibrator to the location of position signalling de- 
vices connected to the tool. The diameter of the tool is 
determined by virtue of a known geometrical relation- 
ship between the V shaped grooves of two movable 
blocks and the diameter of the tool head 
[0016] Tool calibration in accordance with the inven- 
tion will now be described, by way of example, with ref- 
erence to the accompanying drawings, in which: 

Figure 1 a is a perspective view of an operating room 
in which the present invention is deployed; 

Figure 1 b is a perspective view of a drill with a re- 
movable reference frame target for use in the oper- 
ating room of Fig. 1; 

Figure 2 is a block diagram of a system according 
to the present invention; 



Figure 3 is an isometric view of the tool calibrator of 
the preferred embodiment of the present invention; 

Figure 4 is front view of each block of the tool cali- 
5 brator of Fig. 3; 

Figure 5 is a top view of each block of the tool cal- 
ibrator of Fig. 3; 

10 Figure 6 is a front view of tool calibrator of Fig. 3 
receiving a tool for calibration; 

Figure 7 is a top view of the tool calibrator of Fig. 6 
with a partially sectioned view of the tool; and 

15 

Figure 8 shows a geometrical relationship between 
the tool calibrator of Fig. 3 and a diameter of a tool 
head of the tool. 

20 [0017] The present invention will now be described 
with reference to the drawings in which like reference 
numerals are used to refer to like elements throughout. 
[0018] With reference to Fig. 1a, a patient (not shown) 
is received on an operating table or other subject sup- 
2S port 10 and appropriately positioned within an operating 
or surgical room 12 having an image guidsd surgery 
system shown generally at 14. A securing means such 
as a head clamp 16 securely positions a portion of the 
patient or subject under consideration. A locating device 
30 20 such as an infrared localizer determines the location 
and orientation of at least one surgical tool. Tools refers 
to any instrument or apparatus in the surgical room 
which is tracked by the locating device 20. 
[0019] In the preferred embodiment, the locating de- 
35 vice 20 is an infrared localizer such as the Polaris™ lo- 
calizer system supplied by Northern Digital, Inc. of Wa- 
terloo, Ontario. Canada The localizer system includes 
two spaced apart infrared cameras 22 mounted on a 
sensor head 24. The sensor head 24 is in turn mounted 
40 in a fixed position within the operating room 12, for ex- 
ample on a stand 26 resting on the floor. The cameras 
22 may be mounted in another known position in the 
operating room 12, such as to the ceiling or wall or to 
the subject support 10. Of course, other locating devic- 
45 es, such as ultrasonic, optical, RF, or electromagnetic 
localizers, may be used. The surgical tool may also be 
mounted to an articulated arm, the arm functioning as 
the locating device. 

[0020] A surgical tool 35 such as a surgical probe, drill 
50 or endoscope, is shown to have a handle portion 37 and 
an interchangeable tool head 39. Locations on the tool 
35 are defined with respect to a local tool reference 
frame. For example, the tool reference frame may be 
defined such that an origin is at a point on the handle of 
55 the tool 35 and having an axis substantially collinear with 
a pointing axis of the tool 35. The tool 35 includes at 
least three position signalling devices 43a, 43b, 43c, col- 
lectively referred to as position signalling devices 43, 
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such as infrared or (ultra) sonic emitters or reflectors, 
having a known relationship to the tool reference frame. 
Additional position signalling devices 43 may be used 
to provide a redundant indication in case the line of sight 
between bne of the position signalling devices 43 and 
the cameras 22 is blocked or to permit more accurate 
determination of the position of the tool 35. Based on 
the signals delected by the camera 22, the location and 
orientation of the tool 35 and hence the tool reference 
frame with respect to the cameras 1 4 and hence the op- 
erating room reference frame are determined. 
[0021 ] In the event a tool does not come pre-equipped 
with position signalling devices 43 or existing position 
signalling devices 43 are not adequately located with re- 
spect to the tool 35 for communicating with the locating 
device 20, a removable reference frame target may be 
affixed to the tool 35. For instance, as shown in Fig. 1b, 
a drill 44 includes an interchangeable drill head 45 and 
handle portion 46 securing the drill head 45. The drill 44 
does not include position signalling devices 43 directly 
attached to the handle portion 46. As such, a removable 
reference frame target 47 is shown attached to the han- 
dle portion 46 of the drill 44. More specifically, the refer- 
ence frame target 47 is rigidly attached to the handle 
portion 46 of the drill 44 by securing flat head screws 48 
into corresponding threaded apertures 49 on the handle 
portion 46 of the drill 44. The reference frame target 47 
may also be attached by way of a clamp or in other ways. 
Four position signalling devices 51 are located on a 
cross shaped target 53 to provide the drill 44 with a ref- 
erence frame capable of being sensed by locating de- 
vice 20. Although four position signalling devices 51 are 
shown, three or more position signalling devices could 
be used. Depending on the type of locating device 20 in 
the operating room 12, the position signalling devices 
may be infrared emitters, (ultra) sonic emitters, RF emit- 
ters, or reflectors, for example. The target 53 may be 
rotated and fixed in a desirable location with respect to 
the tool 44 by virtue of lockable joints 54a, 54b, 54c. It 
will be appreciated that the removable reference frame 
target 47 allows any device to be tracked in the image 
guided surgery system by the locating device 20. For 
instance, the reference frame target 47 may be attached 
to common household tools, surgical instruments, or 
any other object. Further, if the object upon which the 
reference frame target 47 is attached includes a tool 
head and/or a tip of which it would be desirous to track 
with respect to images shown on a monitor in an oper- 
ating room, the present invention allows a way of accu- 
rately and rapidly determining such attributes and stor- 
ing them in the central computer 42 as described in de- 
tail below. 

[0022] In order to properly track a location of a tip 40 
of the tool 35 with respect to the tool reference frame, 
information related to an offset between a selected point 
on the tool reference frame and the tip 40 of the tool 35 
may be preprogrammed into a computer system 42 or 
calibrated via a surgical tool calibrator 50. Details relat- 



ed to the structure and operation of the tool calibrator 
50 is discussed in more detail below. Tracking a precise 
location of the tip 40 of the tool 35 is necessary to ensure 
proper relationships between the tip 40 of the tool 35 

5 and a patient's anatomy are correlated. More specifical- 
ly, in image guided surgery procedures it is often the 
case that a tracked position and trajectory of the tip 40 
of the tool 35 is superimposed on images of the patient 
and displayed to the surgeon and other individuals via 

io monitors 52 or in some other fashion. The surgeon typ- 
ically relies on the displayed results to help complete a 
procedure at hand. 

[0023] With continued reference to Fig. la and further 
reference to Fig. 2, an operator console 55 supports the 

ts computer system 42. Alternately, the computer system 
42 can be remotely located and connected with the op- 
erator console 55 by cabling. The computer system 42 
includes a processor 57 and a data memory 59 coupled 
to the processor 57. The data memory 59 contains data 

20 indicative of a three-dimensional image of the patient or 
subject. Because the data can be visualized as a three- 
dimensional rectangular grid, selectable orthogonal and 
other oblique planes of the data can be readily with- 
drawn from the data memory 59 using conventional 

2S technology. Such data may, for example, be displayed 
on the overhead monitors 52 in the operating room 12 
for convenient viewing by the surgeon. 
[0024] The surgical tool 35, tool calibrator 50 and oth- 
er tools 60 are coupled to the computer system 42 

30 through a tool interface unit 62. The tool interface unit 
62 serves to perform coordinate transformation be- 
tween these devices prior to passing along information 
to the computer system 42 for further processing. Sim- 
ilar to the discussion above with respect to the surgical 

35 tool 35, each of the tools in the operating room 12 in- 
cluding the tool calibrator 50 may be defined by a local 
reference frame which is oriented in respect to the op- 
erating room reference frame by the tool interface unit 
62. 

40 [0025] Based on information sensed by the cameras 
22 and passed along to the tool interface unit 55, the 
transforms between the patient, tools and operating 
room reference Irames can readily be calculated. As is 
well known in the art, a transform is accomplished by 

<«5 determining an offset x offsel , y offset , z offee , between the 
reference frames to be transformed. These values of 
x offeet. Yoffeei. z offeet are added to or subtracted from the 
coordinates of one of the reference frames as required 
to translate between the two. The coordinate systems 

so are then rotated relative to each other about their origins 
by angles a, p, y so that their respective x, y and z axes 
coincide. 

[0026] Referring now to Figs. 3-7, the tool calibrator 
50 of the preferred embodiment is shown in more detail. 
55 The tool calibrator 50 includes two slidably interfacing 
blocks 70a and 70b. In the preferred embodiment, the 
blocks 70a, 70b are each made of aluminium, although 
any other durable material including other metals, plas- 
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tic, or wood could alternatively be used. Block 70a in- 
cludes a front face 72a, a top surface 74a, and a bottom 
surface 76a. Similarly, block 70b includes a front face 
72b, a top surface 74b, and a bottom surface 76b. 
[0027] As best seen in Figs. 3 and 4. blocks 70a and 
70b are shaped to slidably engage by way of a pair of 
mating V shaped tongue and grooves. More specifically, 
the top surface 74a of block 70a and the bottom surface 
76b of block 70b each include a V shaped tongue 78a, 
78b, respectively. The tongues 78a, 78b are shown to 
each extend across a full distance of their respective 
surfaces 74a, 76b. A mating groove 80a for tongue 78b 
is located on a side of the block 70a closer to the bottom 
surface 76a. A mating groove 80b for tongue 78a is lo- 
cated on a side of the block 70b closer to the top surface 
74b. Each mating groove 80a, 80b is sized to receive 
its mating tongue 78b, 78a, respectively, such that a 
substantially no movement is allowed in any direction 
except for the direction of slide. 

[0028] In order to posilion, secure and determine a 
size of a tool head introduced to the tool calibrator 50, 
block 70a includes staggered finger portions 82a and 
84a, and block 70b includes staggered finger portions 
82b and 84b. Each of the finger portions 82a, 82b, 84a, 
84b, is positioned such that it partially interlocks one on 
top of the other when the blocks 70a, 70b are positioned 
in a closed position such as that shown in Fig. 1a. As 
best seen in Figs. 3, and 5, an end of each finger portion 
82a, 82b, 84a, 84b includes a V shaped groove portion 
86a, 86b, 88a, 88b, respectively. Further a bottom por- 
tion 90b of block 70b also includes a V shaped groove 
92b . The V shaped groove portions 86a, 86b ; 88a, 88b, 
92b of the present embodiment are each at 90 degree 
angles, although any suitable angle could be selected. 
Further, although the groove portions 86a, 86b, 88a, 
88b, 92b of the present embodiment are described with 
respect to having a V shape, other shapes or combina- 
tion of shapes including, circular, octagonal and the like 
may also be used. It will be also be appreciated that the 
term V shaped is not exclusive of shapes which have a 
precise corner, but rather includes substantially V 
shaped grooves having corners which are curved or oth- 
erwise shaped. 

[0029] As best seen in Fig 4, the V shaped groove por- 
tions 86a, 88a, on block 70a and the V shaped groove 
portions 86b, 88b, 92b, on block 70b each define a re- 
spective axis 115a, 115b. As shown in Fig. 4, the axis 
115a associaled wilh block 70a is substantially orthog- 
onal to the surface 97a and coincides with corners of 
the 90 degree angle formed by V shaped grooves 86a, 
and 88a. The axis 1 1 5b associated with block 70b is also 
substantially orthogonal to the surface 97a when block 
70b is coupled to block 70a, and the axis 1 1 5b coincides 
with comers of the 90 degree angle formed by the V 
shaped grooves 86b, 88b, 92b. 

[0030] As best seen in Figs. 3 and 5, block 70a in- 
cludes surface 95a upon which tool tips 40 to be cali- 
brated are positioned. More specifically, tool tips to be 



calibrated are positioned in a region 97a on surface 95a 
shown in hashed lines in Fig 5 The precise location of 
the tip 40 of the tool 35 in the region 97a prior to cali- 
bration is based on a diameter D (see Fig. 8) of the tool 
5 head 39 and the angle of the V shaped grooves 86a, 
86b, 88a, 88b, 92b. 

[0031] In order to accommodate tracking of each 
block 70a, 70b of the tool calibrator 50 by the camera 
22, each block 70a, 70b includes four position signalling 

10 devices 100 a1 , 100^, 100 a3 , 100 a4 , and 100 b1 , 100 b2 , 
100 b3 , 100^ collectively referred to as position signal- 
ling devices 100, situated on the front face 72a, 72b of 
the blocks 70a, 70b, respectively. The position signalling 
devices 100 of the preferred embodiment are infrared 

'5 emitters for use with an infrared locating device, al- 
though reflectors, (ultra) sonic emitters, RF emitters, or 
other devices could be used depending on the charac- 
teristics of the locating device 20 being used The posi- 
tion signalling devices are affixed or mounted to stepped 

20 apertures 102 a1 , 102^, 102 a3 , 102 a4 , and 102 b1 , 102 b2 , 
102 b3 , 102 b4 on the front face 70a, 70b, of each block 
(see Fig. 4). Although the present embodiment shows 
four position signalling devices 100 disposed on each 
block 70a, 70b, it will be appreciated that only three such 

25 position signalling devices are needed on each block 
70a, 70b, for complete tracking of the tool calibrator 50 
in the preferred embodiment. 

[0032] Referring to Fig 3, disposed within each block 
70a, 70b, is a memory chip 104a, 104b, respectively. 
30 The memory chip 104a contains information related to 
the positioning of the position signalling devices 100 a 
disposed on block 70a with respect to a selected point 
associated with the local reference frame of block 70a. 
In the preferred embodiment, the point from which the 
35 position signalling devices 100 a is calculated is point A 
located at a centre of the position signalling device 
100 a1 . Similarly, memory chip 104b contains information 
related to the positioning of the position signalling de- 
vices 100 b disposed on block 70b with respect to a se- 
40 lected point associated with the local reference frame of 
the block 70b. In the preferred embodiment, the point 
from which the position signalling devices 100 b is cal- 
culated is point B located at a centre of the position sig- 
nalling device 100 b1 . 
45 [0033] Referring now to Fig. 6, the position of the axis 
11 5a with respect to the selected point A associated with 
block 70a is also stored in the memory 1 04a and passed 
along to the tool interface unit 62. The position of the 
axis 1 1 5a is stored by determining two offset values be- 
so tween point A and two points 1 1 5 a1 and 1 1 5^ on the on 
the axis 1 15a. The off set values are each stored as three 
dimensional offset values in the x, y and z directions as 
defined with respect to the three dimensional local ref- 
rence frame of block 70a. A location of the surface 95a 
55 with respect to the point A is also similarly stored in the 
memory 104a and passed along to the tool interface unit 
62 

[0034] The position of the axis 115b is defined with 
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respect to the selected point B on block 70b. As with 
block 70a, two offset values between point B and two 
points 115 b1 and 115 b2 on the axis 115b are stored in 
the memory 1 04b and passed along to the tool interface 
unit 62. The offset values include three dimensional off- 
set values in the x, y, and z directions and are stored 
with respect to the local reference frame of block 70b. 
[0035] The information from the memory chips 104a, 
104b, along with power and control signals are provided 
between the blocks 70a, 70b to the tool interface box 62 
via a seven pin female connector 1 08a, 1 08b connected 
to each block 104a, 1 04b, respectively. It will be appre- 
ciated that although points A and B are selected in the 
preferred embodiment to be located at the centre of the 
position signalling devices 100 a1 , 100 b1 , respectively, 
any location for points A and B could be selected with 
respect to the local reference frame of each block 70a, 
70b. 

[0036] Referring now to Figs. 6 and 7, the operations 
of the preferred embodiment will be discussed. The tool 
calibrator 50 of the present invention can be used to de- 
termine several attributes of a surgical tool in a one step 
process. The attributes include determining a location 
of a tip of a tool with respect to the tool's local reference 
frame, a direction or trajectory in which a tool head is 
pointing with respect to the tool's local reference frame, 
and a diameter of a tool head. A surgeon may for in- 
stance desire to determine attributes of a tool or a 
number of tools prior to beginning a procedure so that 
an image of the tool(s) shown on the monitor 52 shows 
the correct position and orientation of the tool. Addition- 
ally, the surgeon may use the tool calibrator 50 of the 
present invention to re-calibrate a tool during surgery in 
the event an existing tool head on the tool is exchanged 
for a tool head having different dimensions. Thus, for 
example, if a different size drill bit for a drill is needed 
during a surgery, the surgeon could quickly and efficient- 
ly re-calibrate the drill so images of the drill with the new 
drill bit is correctly represented on the monitors 52. 
[0037] In order to calibrate a tool such as the tool 35, 
an individual initially slides block 70b into a position with 
respect to block 70a such that an opening defined by 
the staggered V shaped groove portions 86a, 86b, 88a, 
88b, 92b is large enough to readily accept the tool head 
39. The tip 40 of the tool head 39 is then positioned onto 
the region 97a of the surface 95a of block 70a. Next, the 
user secures the tool head 39 in place by sliding block 
70b into a relationship with block 70a such that an outer 
diameter 110 of the tool head 39 is fixed in place by the 
V shaped groove portions 86a, 86b, 88a, 88b, 92b, as 
best shown in Fig. 7. Once completed, the user situates 
the tool calibrator 50 such that the position signalling 
devices 100 of the tool calibrator 50 and the position 
signalling devices 43 of the tool 35 are all detectable by 
the cameras 22. Finally, the user inputs a command to 
the computer system 42 indicating that a new tool cali- 
bration is taking place such that the computer system 
42 records the information detected. 



[0038] The location of the tip 40 of the tool 35 along 
with the direction in which the tip 40 is pointing is deter- 
mined in the preferred embodiment by comparing the 
two axes 1 1 5a, 115b as best seen in Figs. 4 and 6. Once 
5 the position of axis 1 1 5a and 1 1 5b and surface 95a with 
respect to the operation room are known by the tool in- 
terface unit 62 and computer system 42, the computer 
system 42 determines the direction of the tool head 39 
and the location of the tip 40 with respect to the local 
reference frame of the tool 35. The direction of the tool 
head 39 with respect to the local reference frame of the 
tool 35 is determined by the computer system 42 by cal- 
culating a location of a longitudinal axis 120 of the tool 
head 39. More specifically, once the tool head 39 is se- 
cured into position by the V shaped grooves 86a, 86b, 
88a, 88b, 92b, the axis 120 of the tool head 39 is located 
half way between axis 115a and 115b. Thus, by calcu- 
lating a half way point between the two axes 115a and 
115b, the axis 120, and therefore, the direction in which 
tip 40 is pointing is readily determined. 
[0039] Referring now to Fig. 6. a location of the tip 40 
is calculated by calculating offset values between a se- 
lected point associated with the tool 35 and a selected 
point associated with the tool calibrator 50. In the pre- 
ferred embodiment, the selected point with respect to 
the tool 35 is point C located at the centre of the position 
signalling device 43a. Further the selected point for the 
tool calibrator 50 is the point A. As both point C and point 
A are tracked by cameras 22, a precise offset between 
these points is readily determinable. In the present ex- 
ample, an offset between point C and point A is shown 
to be some value L1 . Fu rther, a known offset L2 between 
the point A and the surface 95a is known and stored in 
the memory 104a. Thus, by knowing the full offset value 
(equal to L1 + L2) the tip 40 is located from point C, and 
that the tip 40 is located along the axis 1 20 of the tool 
35, the precise location of the tip 40 with respect to the 
local reference frame of the tool 35 can be calculated 
as is well known in the art. It will be appreciated that 
although the offset from the location of the tip 40 in the 
present example is calculated with respect to points A 
and C, any two points with respect to the local reference 
frame of the tool calibrator 50 and tool 35, respectively, 
could have been used. 

[0040] Referring now to Fig. 8, calculations related to 
determining the diameter D of the tool head 39 is dis- 
cussed in more detail. As discussed above, the corner 
of each V shaped groove 86a, 86b, 88a, 88b, 92b is an- 
gled at 90 degrees. Therefore, regardless of the diam- 
eter of the tool head 39, a top view of the staggered V 
shaped grooves 86a, 86b, 88a, B8b, 92b supporting the 
tool head 39 as shown in Figs 7 and 8 is always in the 
shape of a square. By use of geometry, the diameter D 
of the tool head may be readily calculated. More specif- 
ically, by knowing the location of axis 115a and 115b, as 
discussed above, the computer system is able to deter- 
mine a distance X between the two axis. Next, by visu- 
alizing an equilateral triangle in which the hypotenuse 
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is equal to the diameter D of the tool head, the diameter 
is readily calculatably using known geometrical relation- 
ships In the present invention the relationship between 
the diameter D and distance X is thus represented by 
the equation: 

[0041] Upon solving for the diameter D, it is found that 
the diameter D is equal to approximately .7071 * X. Of 
course, in the event the V shaped grooves 86a, 86b, 
88a, 88b, 92b are angled at an angle other than at 90 
degrees, other known geometrical relationships could 
readily be used to calculate the diameter D of the tool 
head 39. Thus using the tool calibrator 50 of the present 
invention, the location of the tip 40, direction in which 
the tip 40 is pointing, and diameter D of the tool head 
39 is able to be calibrated all at once. 
[0042] In an alternative embodiment of Ihe present in- 
vention, the tool calibrator 50 does not include any po- 
sition signalling devices 100 Rather, at a location of 
which a centre point of each of the position signalling 
devices 100 (see Fig. 3) in the embodiment discussed 
above would be, a divot is placed on the front surface 
72a, 72b of the blocks 70a, 70b. Alternatively, a dot, 
cross, or other marking could be drawn or etched on the 
surface to indicate a positioning of the centre points. 
[0043] In order to calibrate a tool introduced to the tool 
calibrator 50 of the alternative embodiment, a user 
would position the tool into the tool calibrator 50 in a 
similar fashion as described above. Once the tool is po- 
sitioned and secured in the tool calibrator 50 the user 
would then place the tool calibrator on a surface or oth- 
erwise ensure that the tool calibrator is fixed in location 
with respect to the operating room reference frame. 
Next, the user would take a properly tracked probe, such 
as probe 35 (see Fig. 1a) and touch the tip 40 of the 
probe on each of the divots or markings and register 
their locations in the computer system. Once such infor- 
mation is recorded in the computer system, the location 
of the tip of the tool being calibrated, the direction of the 
tool head of the tool and the diameter of the tool head 
could all be determined in the same fashion as de- 
scribed above with reference to the preferred embodi- 
ment. 

[0044] The invention has been described with refer- 
ence to the preferred embodiments. Obviously, modifi- 
cations and alterations will occur to others upon reading 
and understanding the preceding detailed description. 
For instance, in the preferred embodiment discussed 
above, each block 70a and 70b is shown to have a suf- 
ficient number of position signalling devices 100 to de- 
fine a plane in which each to the blocks 70a, and 70b 
are located. However, since the front faces 72a, 72b of 
each block 70a and 70b remain in the same plane when 
connected together, it is possible to place two position 
signalling devices on one of the blocks 70a, 70b and 
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only one position signalling device on the other of the 
blocks 70a and 70b, and used the combined information 
from both blocks 70a and 70b to determine the plane in 
which the combination resides. Further, if information re- 

5 lated to the position of the axis 120 of the tool 35 is al- 
ready known by the computer system 42, and only a 
length of the tool head 39 is changed, it is possible that 
only one position signalling device 100 needs to be as- 
sociated with the entire tool calibrator 50 to calculate a 

10 positioning of the new tip 40. For instance, a single po- 
sition signalling device could be placed on or adjacent 
the surface 95a upon which the tip 40 of the tool 35 
comes into contact during calibration, and a single offset 
value between point C on the tool 35 and the one posi- 

15 tion signalling device on the tool calibrator 50 could be 
measured. It is intended that the invention be construed 
as including all such modifications and alterations inso- 
far as they come within the scope of the appended 
claims or their equivalence thereof. 



Claims 

1. A device (50) for use in calibrating a surgical tool 
25 (35), the device comprising: means (70a, 70b) for 

positioning a tip (40) of the surgical tool (35) to a 
location (97a) of the device; and a position indicator 
(100) fixed to the device in a known relationship to 
the location. 

30 

2. A device as claimed in claim 1 , wherein the position 
indicator (100) is adapted for operative communi- 
cation with a component of an image guided sur- 
gery system (14). 

35 

3. A device as claimed in claim 1 or claim 2, wherein 
the means (70a, 70b) for positioning includes 
means for orienting a trajectory of a tool head of the 
surgical tool. 

40 

4. A device as claimed in claim 3, including means to 
provide a signal indicative of the trajectory of the 
tool head. 

45 5. A device as claimed in any one of claims 1 to 4, 
wherein the means for positioning the tip of the sur- 
gical tool includes a first portion (70a) and a second 
portion (70b). 

50 6. A device as claimed in claim 5. wherein the first por- 
tion (70a) and the second portion (70b) each in- 
clude at least one V shaped groove (86a, 86b, 88a, 
88b, 92b). 

55 7. A device as claimed in claim 6. wherein an angle of 
each of the V shaped groove is substantially 90 de- 
grees. 
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wherein the step of positioning further includes the 
step of orienting an axis of the surgical tool in a 
known relationship with respect to the calibration 
tool position indicator. 

20. A method as claimed in claim 1 9, including the step 
of determining the trajectory of the surgical tool with 
respect to the surgical tool position indicator. 



10. A device as claimed in claim 9, wherein each of the 
position indicators includes a reflective element or 
an infrared emitter. 

15 

11. A device as claimed in any one of claims 5 to 10, 
wherein the means for positioning includes means 
for measuring a dimension of the surgical tool. 

12. A device as claimed in claim 11, including means 20 
for providing a signal indicative of the measured di- 
mension of the surgical tool. 

13. A method for use in calibrating a characteristic of a 
surgical tool (35) having a position indicator (43, 25 
47), the method comprising the steps of: positioning 

a tip (40) of the surgical tool to a location (97a) of a 
calibration tool (50), the location having a known re- 
lationship to a calibration tool position indicator 
(100) fixed to the calibration tool; and providing a 30 
signal indicative of the location of the calibration tool 
position indicator (100). 

14. A method as claimed in claim 13, further comprising 

the step of providing a signal indicative of the loca- 35 
tion of the surgical tool position indicator (43, 47). 

1 5. A method as claimed in claim 1 4, including the step 
of determining the characteristic of the surgical tool 
with respect to the surgical tool position indicator in 40 
response to the provided signals. 

1 6. A method as claimed in any one of claims 1 3 to 1 5, 
including the steps of: measuring a dimension of the 
surgical tool; and providing a signal indicative of the 45 
measured dimension of the surgical tool. 

1 7. A method as claimed in claim 1 6, including the step 
of determining the measured dimension of the sur- 
gical tool. so 

1 8. A method as claimed in any one of claims 1 5 to 1 7, 
wherein the determined characteristic is the dis- 
tance (L2) a tip (40) of the surgical tool is located 
from a known point (A) on the surgical tool position ss 
indicator. 

19. A method as claimed in any one of claims 1 3 to 18, 
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8. A device as claimed in any one of claims 5 to 7, 
wherein the first portion (70a) and the second por- 
tion (70b) include a slidable interface (78a, 78b, 
80a, 80b). 

9. A device as claimed in any one of claims 5 to 8, 
comprising at least three position indicators (100) 
disposed on the first portion and at least three po- 
sition indicators (100) disposed on the second por- 
tion. 
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(57) A tool calibrator includes two portions (70a, 
70b) shaped to slidably engage and secure a tool (35) 
in a desired position. The tool is secured by a series of 
staggered V shaped grooves (86a, 86b, 88a, 88b, 92b) 
on each of the two portions having a known geometrical 
relationship with a diameter of a tool head of the tool. 
The tool calibrator further includes at least one position 
signalling device (100) for communicating a location of 
the tool calibrator in an operating room or other area. A 
position and direction of a tip of the tool is determined 
by comparing a location of the tool secured within the 
tool calibrator to the location of each of the two portions. 
Further, based on the location of each of the two por- 
tions, the diameter of the tool head is calculated. 
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